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(54) Apparatus for ootabHshing branch w©ll« from a parent well 

(57) A method and appaiatus lor creating multiple 
branch wells from a parent well is disclosed. According 
to a first entedlmerit of the invention a nruiltiple branch- 
ing sub is provided for plaoement at a branching node 
of a wen Such sub includes a branching chamber (32) 
andapiurainyof branching oudet members (34-38). The 
outlat nwhbore, during construction of Ih9 branching 
sub. have pravlously bean dtatorted into oblong shapes 
so that dl of the branching outlet members fit within an 
imaginary cylinder which is coaxial wtth and substantial- 
ly the same radius as the branching chamber. According 
to one embodiment the dlslorted outlet members are 
characterized by an outer convex shape. In another em* 
bodknent. the distorted outlet members are character* 
ized by an outer concave shape ¥^en in a retracted 
state. After deploymemofthebranching sub vlaapareni 
casing vilhe well afomiingtool is lowered totte interior 
of the »ub. The outlet members are extended outwardly 
by the fonning tool and simullaneously formed into sub- 
stantially round tubes. Naxl. each outlet member is 
plugged with cement, after which each branch weD is 
drilled through a respective outlet member. If desired, 
each brmh nuiy be lined with casing and sealed to a 
branching outlet by means of a casing hangsr. A mani- 
fold placed in the branching chamber controls the pro- 
duction of sach branch well to the parent wel. According 
to a second embodiment of the inventioa a pressure 
resistant branching sub is provided «4iich may bo in- 
stalled »i series with a casing string, ar>d the associated 
equipmem used for the installation operation and inter- 
vention ot a well The branching sub includes a main 
pipe and a lateral outlet. 
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DMcrlption 

This invemion ralatds generally to the ftetd of wells. 
paiticularV to the Md of establiehing branch wells from 
a parent hydrocartoon well More partictilarty the inven- 
tion relates to estabishing mutlfple branch wells from a 
common depth point, called a node, deep in the wen. 

BACKGROUND OF THE INVEffnON 

Multiple wells hove been drilled from a common lo- 
cation. particiHarty while drilling from an offshore plat- 
iom wh ere muftjpto wells must be drilled to cover the 
great expenses of ofShore drilling As MustiBted in Fig- 
ures 1 A and ia such wetts are drillad throuf^ a com- 
mon conductor pipe, and each weB includes surface 
casing liners, irteonacfiate casing and parent casing as 
is well known in the ieU d offshore drilHng of hydrocar- 
bon wells. U.a Patent 5.456,199 describes apparatus 
and methods tor driUng multiple weto from a common 
weBbore at or near tie surface of the earih. U .S. Patent 
4.573.541 describee a downhole take-oH assembly for 
a parent well which includes multiple takeoff tubes 
which communicate with branched wells from a com- 
mon point. 

Branch wels are also known in the art of well driRing 
whk:h branch Irom multiple points in the parent welt as 
illustrated in Figure 2. Branch welts are created from the 
parent well, bu: necossarily the parent well extends be- 
bw the branchng point of the primary weO. As a result, 
the branching well is typically of a smaler diameter than 
that of the primary wel whKh extends bekyw the branch- 
ing point Fuftwrmore, diffknjll sealing problems have 
faced the ait lor Mtablishing communfcatkxi between 
the branch wel and the primary wel. 

For exan^. U.S. Patent 5.306.648 describes 
methods relathg to well fifficture sealing with various 
sets of embodiments to accompHsh such sealing. The 
disclosure of t^e *648 patent proposes solutnns to sev- 
eral serious seating problems whteh are encountered 
when establishing branches in a weH. Such sealing 
problems relate to the requirement of ensuring the con- 
nectMly of the tiranch casing liner w9h the parent casing 
and to maintaining hydraulic isolatbn of the juncture un- 
der dHterential praaaure. 

A fundamental problem extsts in estabfishing 
branch welts at a depth in a primary well in that appara- 
tus for estabitfihg auch branch wells must be run on 
parent caskig which must fH wtthin intermediate casing 
of the well Aocorcingly. any such apparatus for estab- 
lishing braich weds must have an outer diameter vMch 
is essentialty no graater than that ol the parent casing 
Furthermore, ft b daalrable that when branch went are 
established, they hatve as targe a diameter as posstole. 
SUI further, n is dasMIe that stich branch wells be Rned 
with casing whch n«y be established and sealed with 
the branching equipment with conventional casing 
hangers. 



An important object of this inventk3n istoprovide an 
apparatus and method by which muliple t n n ch m con- 
ned to a primary well at a single depth in the wei wtiere 
ihe brwich wells are controfted and sealed with respect 
5 to ffie primary wen with conventional iiner-tocasingcon- 
nectk)n8. 

Arx)ther Important object of this invention is to pro- 
vide a multipio outlet branching sub having an outer di- 
meier such that it may be nin in a well to a deployment 
10 locaiion via primary casing. 

Another obiect of this inventkm is to piorida a mul- 
tiple outlet branching sub In which multipis outlets are 
tsMcated in a ratiacted state and are expended while 
downhola at a branching deptoyment locafan to plo- 
ts duea maximum branch weU dtometers rounded to pro- 
vidB oonvantional iner-to<88ino cormectnia. 

Another ob)eet of this Invention is to pnwida appa- 
lanis for downhole expansion of ratiactedoUM mem- 
beia in order to direct each outlet mio an arcuaie path 
zo outwardly from the axis of the prinwry weS and to ex- 
pmd the outlets into an essentially found shape such 
that after a branch wen is drifted through an oudat. con- 
ventional liner-to-casing connections can be made to 
such outlet memlMrs. 

SUMMARY OF THE INVENTION 

These objects and other advantages and laatures 
are provktod in a method and apparatus for establishing 
3D multiple branch wells from a parent wet A multiple 
tnarKhing sub is provkJed for deptoymerrt in a borehole 
by nteans of a parent casing through a parent wall The 
branching sub includes a branching chamber which has 
an open first end of cylindrical shape. The branchb^g 
3S ctehber has a second end to whkii branchino outlet 
members are connected. The first end is connacted to 
the parent wel casing in a ccnventkyial nenner. such 
as by threading, for depk^ymant to a branching locatton 
In the parent weH. 
< Multiple branching outlet members, each of whteh 
is integrally connected to the second end d the t>ranch- 
ng chamber, provkto flukl oommunk:aton with the 
bTMiching chamber. Each of the outlet members is pre- 
fabricated such that such members are in a retracted 
45 poationforinseftkxtof thesi^intoanddowntiroug^ 
tha parent welt to a deployment k)catton deep in tie weH. 
Each of the multiple outlets is substantially lolaiy wfthin 
m\ snaginary cylinder whk:h is coaxial wifi and of sub- 
stantialy the same radius as the first erxl the brarKh- 
» ing ctutrrtber. The prefabricatk>n of the oudet members 
causes each outlet member to be transfonned In cross- 
sectional shape from a round or circular shape to an ob- 
tang or other suitable shape such that its outer profile 
fHs wUhin the imaginaiy cylinder. The ouer profile of 
ss each outlet marrtbar cooperates wUh the outer profiles 
of other outlet members to substantially fi the area of 
a cress-seetton of the imaginary cylinder. As a result, a 
substantially greater cross-sectkx^al area cf the multiple 
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outlet moml>or8 is achiovod within a cross-section of the 
imaginary cylnder as compared with a corresporKiing 
number dt tubular multiple outlet members oC circular 
croee-section. 

The muR^le outlet merhbert are constructed of a 
material which may be plastfcally delonmed by cold 
lonning. AforminQtool is used, after the multiple branch- 
ing sub is deployed in the parent well, to expand at least 
one of the multiple branching outlet members outwardly 
from the connection to the branching chamber. Prefer- 
ably al of the outlet members are expanded simultane* 
ously. Sinultaneously with the outwafd expansion, the 
muRiple outlata are eocpanded into a substantially cffcu- 
Iv ladial croes-eactional Shape along their axial extent. 

After the multiple outlet members which branch 
from the branching chamber are expanded, each the 
mutiple branching outlete are plugged. Next, a borehole 
is drilled through a selected one of the multiple branch- 
ing outlets. A subetantielV round liner is provided 
through the selected branching outlet and into the 
branch well. The Iner of circular cross-eedion le sealed 
to the selected branching outlet circular cross-section 
by means of a conventional casing hanger. A borehole 
and liner is established for a plurafity ol the multiple 
branching outlets. A downhole manifold is installed in 
the branching chamber. Next multiple branch wells are 
completed. The production of each branch weH to the 
parent well is controlled with the manifold. 

The apparatus for e}q>ancfing an outlet of the multi- 
ple branchiig sub includes an uphole power and control 
unit and a downhole operational unit An electrical wire- 
Ina connects the uphole power and control unit and the 
downhole operational unit. The wirelne provides a 
physical connection for lowering the downhole opera- 
tional untt to the branching sub and provides an electri- 
cal path for transmission of power and bidirectional con- 
tiol and status signals. 

The downhole operational unit Includes a forming 
mechanism arranged and designed for insertion In at 
least one retracted branching outlet member o< the sub 
(artd preferably into all of the outlet members at the 
same time) and for expanding the outlet member out- 
wardly from its imaginary cylirKJer at deployment. Pref- 
erably each outlet member is expanded outwardly and 
expanded to a circular radial cross-section simultane- 
ously. The downhole operational unit includes latching 
and orientation mechanisms which cooperate with cor- 
raspondlng mechanisms of the sub. Such cooperating 
mechanisms allow the forming mechanism to be radially 
oriented within the multiple branching sub so that it is 
aligned with a selected outlet of the sub and preferably 
with aU of the outlets of the sub. The dawmhole opera- 
tional unSincludes a hydraulic pump and a head having 
hydraulic fluid lines oonnscted to the hydraulic pump. 
The formbg mechanism hcludas a hydraulically pow- 
ered torming pod. A telesoopic Hnk between each form- 
ing pad and head provides pressurized hydraulic fluid 
to the fowling pads as they move downwardly white ex- 



panding the outlet menders. 

According to a second aftemative embodiment of 
the invention , a branching sub is provided which allows 
multiple branches from a parent casing without the need 

5 for sealhg joints and which allows the use of conven- 
tional weH controlled Snor packers and casing joints. The 
geometry of the housing d the branching sub allows the 
housing to achieve maximi*n pressure rating conskler- 
ing the size of the branch outlet with regard to the size 

10 of the parent casing. 

BRIEF DESCRIPTION OF THE DRAWIhKSS 

The obiects, advantagss and features of the inven- 
ts tion wil become more apparanA by reference to the 
drawings whkii are appended hereto and wherein an 
HustrBUvs embodimeni ol tie invention Is shown, of 
w^ich: 

<o Figures 1A and IB Hustrala a prior art trq>le liner 
packed in a conductor casing tennination in which 
the outlet members era round during instaSatlon 
and are packed to fit wShm the conductor casing: 
Figure 2 Hhistiatas a prior art patent or vertical well 

26 and lateral branch weSs which extend therefrom; 
Figures 3A 3B. and X ilustrate a three outlet 
branching sub accordhg to a first erribodiment of 
the invention where Figure 3A Is a radial cross-sec- 
tion through the branching outlets of the sub. with 

30 one outlet completely in a retracted position, with 
another outlet in a portion between Its retiacledpo- 
snkm and its fully expended position, and the third 
outiet being in a fully sQvanded position, and where 
Figure 38 is a radial cross-section through the 

9S branching outiets Of the sUb With sachd the ouOets 
fully expanded after depkiyment in a parent wall, 
and Figure 3C is an axial cross-section of the 
branching sub showing two of the branching outlets 
fully expanded to a round shape in which casing has 

40 been run into a branch weB and sealed with respect 
to the branching outlets by means ol conventional 
Uner hanging packers. 

Figure 4 is a perspective view of a three symmetri- 
cal outlet branching suD of a first embodiment of the 

45 Mention with the outtst branches expended 

Figures 5K 5B. 5C, and 5D flustrate configurations 
of ttie first embodnier* of aie Invention with asym- 
metrical branching outlets witii at least one outlet 
havkig larger internal dimensions ttian the other 

so two. with Figure 5A being a radial cross-section 
through the branching outtets akxig line 5A-5A In a 
retracted position. w*h Figure SB being an axial 
croes-sectlon through the ines SB^ of Figure 5A 
with Figure 5C being a radal cross-eection atong 

SB Ines 5C-5C of Figure 50 wih the branching outlets 
k\ an expanded position, and with Figure 50 being 
an axiai cross-sectkx) akyng lines 5D-5D of Figure 
5C with the branching outtets in an expanded posi- 
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tion: 

Figures eA-GE ilustrate radial cross-sections ol 
several examples of branching outlet configurations 
cH the branching sub accordkig to the first embodi- 
ment Ol the lnventioo» wUh all outlet branches fully s 
expartded from tf>eir retracted state during deploy- 
ment in a parent well, with Figure 6A illustrating two 
equal diameter outlet branches, Figure 68 illustrat- 
ing three equal diameter outlet branches. Figure 
6C. like FigureSC. nustrating three outlet branches io 
with one branch characterized by a larger diameter 
than the other two. with Figure 60 illustrating four 
equal cfimeter outlet branches, and with Figure 6E 
ilustraling five outlet branches with the center 
branch being of smaller diameter than the other ts 
lour 

Figures 7A-7E ikistrate etagee of expanding the 
outlet nnerhbefs of ar) expandable blanch ing sub ac- 
cording to the invention. wMi Figure 7A itustreting 
. an axial cfoss-section of the sub showing multiple 20 
branching outlets wth one such outlet in a retracted 
position and the other such outlet being expartded 
starting with Ito connection to the branching head 
and continuing expansion downwardly toward the 
lower opening of the branching outlets, with Figure ^ 
7B illustrating a radial cross-section at axial poeition 
B of Figure 7A and asswwng that each of three 
symmetrical branching outlets are being expanded 
simultaneously, and with Figures 7C through 7E 
showing vanous stages of expansion as a function oo 
of axial distance along the branching outlets; 
Figures 8A »k5 68 illustrate respecth/ety In axial 
cross-section and a radial croes-section along Knes 
8B-BB. latching orientation profiles of a branch- 
ing chamber ofthe branchvig tub* anc^ ^ure BA 95 
further ilustratee an extension leg and supporting 
shoe for deployment in a parent weB and for provid- 
ing stability to the branching sub while expanding 
the branching outlets from their retracted position: 
Figure 9 schemoticaRyiltustrateeuphole and down- ^ 
hole apparatus for expanding the branching outlets 
of the branching sub; 

Figure tO illustfates steps of the process of expand- 
ing and forming the branching outlets with a pres- 
sure forming pad ol the apparatut of Figure 9; 45 
Figures IIA^IIH Mustrate steps of an installation 
sequenceforanodal branching sub and for creating 
branch wells tram a parent well; 
Figur»12 iVustiales a branching sub deployed in a 
parent wel and further ilustrales branch well Kners so 
hung from branching outlets and still further illus- 
trates production apparatus deployed in the branch- 
ing sub for cortioling production from branch wels 
into the parent welt 

Figures 13Awid13B geometrically illustrate them- ss 
crease m branch weOsize achievable for this inven- 
tion as compared wlh prior art conventional axial 
branch wells from liners packed at the end of parent 



casing; 

Figures 14A-140 are illustrative sketches of nodal 
branching according to the mention where Figure 
14A illustrates establishing a node in a parent well 
and establishing branch weNs at a conrvnon depth 
point in the parent well, afl of which communicate 
with a parent well at the node of the parent wel; with 
Figure 146 illustrating an expanded branching sub 
which has had its branching outlets expanded be- 
yond the diameter of the parent casing and formed 
10 be substantially round; with Figure 14C ilustrat- 
ing using a prinr»ry node and secondary nodes to 
piDduce hydrocarbons from a single strata; and with 
Figure 140 ilustrating using an expanded branch- 
ing sub from a primary node to reach multple sub- 
terranean targets; 

Figure ISA Hustratee a two outlet version d a 
brmhing sub accorcfing to the first embocfiment of 
the Invention, with Figures 1SB. 159. 15C. and 15D 
ihiBlrating croes-sectional profiles of such two out- 
let version of a branching sub with an altemativa 
poshfonming tool at various depth locations in the 
oudel members; 

Figure 16 Hluetrates a two arm alternative version 
of a poet-forming tool; 

Figuree 1 7 A- 1 TO Uiustrate the operation of such al- 
ternative post-forming tod; 
Figures 1 8A • 1 BE illustrate a branching sub accord- 
ing to the fi ret embodiment of the invention with con- 
cave defomnation of the branching outlets; 
Figuree 19A • 1 9C illustrate an attemative actuating 
£V)pefatus according to the invention. 
Figuree 20A and 20B illustrate a second embodi- 
ment of the invention where Figure 2DA is an exte- 
rior view of a branching sub with a mam pipe and a 
Moral branching outlet and Figure 20B is an axi^ 
section view of such branchmg sub; 
Figures 21 A and 21 B are axial and radial section 
views of the branching sub of Figures 20Aand 20B 
but m a retracted state, and Rgures 21C and 210 
are axial and radial section views of the branchmg 
sub of Figuree 20A and 20B m an expanded state; 
Figure 22 Is a graph which shows that the yield 
strength of the housing material of the brancNng 
sUb mcreases with the rate of deformation during 
expansion; 

Fvire 23 is a schematic illustration of the branchmg 
sub accordmg to a second embodiment d the m- 
ver«ion where lateral or bmnch holes are created 
from the mam t)ody d the sub or subs to reach dis- 
tinct fonnations from one mam borehole; 
Figure 24 illustrates the use d a deflecting tod 
wMch may be inserted withm the mam pipe d the 
bmchfeig sub whereby a drilling tod which enters 
from the top d the sub may be directed imo the lal- 
eial outlet; 

Figure 25 illustrates two branching subs connected 
m tandem with the tandem connection placed m a 
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series of casing links of a cas^g string: and 
Figures 26A and 26B iUustrate a cap which may be 
welded across the branching cutlet in order to close 
it off for certain wefl operatione. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1 A and IB illustrate 
the problems with prior art apparatus and methods for 
establishing branch wels from a parent well. Figures 1 A 
and IB show radial and axial Cfoes-sections of multiple 
outlet Iners 12 hung and sealed from a large diameter 
conductor pipe 10. TTw outleU are round in order to (a- 
cifitateuseofoonventianalining hanger packers 14 to 
seal the outlet liners 1 2 for oommunication with the con- 
ductor pipe 10. The anangemeni or Figures 1 A and IB 
requires that mull^le round outlets of diameter Do fit 
within the diameterOsI of the conductor pipe 10. In many 
cases, especially where the conductor pipe must be de- 
ployed at a depth in the weB, rather than at the surface 
of the we«. it is not feastote to provide a borehole d suf- 
ficient outer diameter to allow branch well outiets of suf- 
ficient diameter to be instaHed. 

The technique of providing branch wells according 
to the prior art arrangement depicted in Figure 2 creates 
branch wells 22. 24 from a primary well 20. Special seal- 
ing arrangements 26, unlike conventional casing hang- 
ers, must be provided to seal a lined branch well 22. 24 
to the primary well 20. 

Description of Branching Sub Accoiding to a First 
Embodiment of the Invention 

Figures 3A, 38. aid 3C aiustrate a branching sub 
X according to the irwentkia The branching sub in- 
cludes a broKhing chamber 32, (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 1 2)}. and multiple outlet members, 
for exanple three outlet members 34. 36. 38 illustrated 
in Figures 3A, 38, and 3C. Figure 3A is a radial cross- 
section view through the branching chamber 32 which 
IRustrates one outlet mentber 34 In a retracted state, a 
8econdoutlelmember36inthe state olbeing expanded 
outwardly, and a third ouUet member 38 which has been 
fully axpanded outwaidly. (Figure 3A is presented for tl- 
lustiative purposes, because according to the invention 
It is preferred to expand and circularize each of the out- 
lets sbnuOaneously.) In the retracted state, each outlet 
is deformed as shown paiticularty for outlet member 34. 
A round tube Is defomied such that its cross-sectional 

interior area remains essentially the same as that d a 
circular or round tube, but its exterior shape Is such that 
rt fits cooperatively with deformed shape of the other 
outlet members, all within an imaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 



ameter which slows it to be run in a parent well to a 
deployment loc^ion whOe attached to a parent casing 
Outlet member 34 in its retracted state is illustrated in 
an oblong shape, but other retracted shapes may also 
5 prove to have advantageous characteristics. For exam- 
ple, a concave central area of deformation in the outer 
side of a retracted outlet member may be advantageous 
to provide a stfer outlet member. Such deformation is 
progressively greater ar>d deeper starting from the top 
10 to the bottom d the outlet member. 

Figure 3A tfwws outlet member 38 in a state of be- 
ing expanded n an arcuate path outwardly from the 
branching chamber 32 while simultaneously being 
founded by a downhde forming-expanding tool that is 
IS described betoKTliaanows labeled F represent forces 
behgappiedanm tie Interior of the outiet member 36 
h ofder to axpandMoudet member both outwanfy In 
an aicuate pati away from branching chamber 32 arxf 
to drcubriza t tan lia retracted state (as Is the oondi- 
20 tlon of ouilsl imnter 34) to its expanded or fully de- 
ployed state m ouOet member 38. 

Figure 38 ia a radial cross-section as viewed by 
Gnes 3B-3B Of Figure 3C through the branching sub 30 
at the level of oudel members 36, 38. Figure 3C Ikjs- 
2S trates conventonal casing finers 42. 44 which have 
been installed tvoug^ branching chamber 32 and Into 
respective outlet members 36, 38. Conventional liner 
hanging packer 46. 48 seal casing liners 42, 44 to outlet 
members 36. 36. As illustrated in Figures 38 and 3C. if 
30 the diameter 0s2 of the branching chamber 32 is the 
same as the diameier Del of the conductor pipe of prior 
art Figure 1 B. twn the outlet diameter Do of Figure X 
is 1 .35 times as great as the outer diameter Do of Figure 
IB. TheHnercroes-cectionalafea^of thesubdFlgure 
35 X » 1.62 tms as great as the liner cross-sectional 
area So of Fig*e 1 A. When fully expanded, the eHedlve 
diameter of the expanded outlet members 34, 36, 38 ex- 
ceeds that of ttie branching chamber 32. 

Experimerts have been conducted to prove the f ea- 
40 stoiitty of manttacturlng branching sub 30 with outlets 
in a retracted state, and later operationaily expanding 
outwardly arKl -oundtng the outlets. 

Experiment Phase i 

45 

Two casing sizes were selected: a first one. one mo- 
tor long was 7 inch diameter casing with a wall thickness 
of 4.6 mm; the second was one meter long and was 7 
inch diameter casing with a wall thickness of 8 mm. A 

so hydraulic jack was designed for placenfwit in a casing 
for expanding 1 Each casing was successfully pre- 
formed into an eliptical shape. e.g.. to simulate the 
shape of outtot member 34 in Figure 3A and reformed 
Into circular shape while using a circularizing fomning 

ss head with the jKk. circularity, like that of outlet member 
38 of Figure 3A was achieved with plus or minus differ- 
ence from peiiect circutartty of 2 mm. 
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Experiment Phase 2 

TvMo. one meter long. 7 inch diameter. 23 pound 
casings were machined axially at an artgle of 2.S de- 
grees. The two casings were joined together at their ma- 
chined surfaces by electron beam (EB) welding. The 
joined casings were deformed to fit (reside an 11 inch 
diameter. The welding at the junction of the two casings 
and the casings themsetves had no visible cracks. The 
maximtjm diameter was 10.7 inches; the minimum di- 
ameter was 10.5 inches. 



a) Machinery 

Belors mUlng each casing at an angle of 2.5 de- 
grees, a spacer was temponully welded at Ito end to 
avoid possible deformation during machining. Next 
each casing was machinMl R)U{^ and than finished to 
assure thai sach machined surface was ooptanar with 
the other. The spacer welded at the end of the caspig 
was machined at the same time. 

b) Welding 

The two machined casings were assembled togeth- 
er with a jig. pressed together and carelutly positioned 
to maintain alignment of the machined surfaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and the jig was renxyved. In an EB 
welding chamber, the two machined casings were spot 
welded alternately on bolh sides to avoid possible de- 
formation which could open a gap between the two 
surfaces . Next, 84>out 500 mm were EB welded on one 
side; the oonrWnation was turned over and EB welded 
on the other side. Finally the bollcm of tie combination 
was EB welded and turned over again to complete the 
welding. The result was satisfactory; the weld fillet was 
continuous without any loss of material. As a result, the 
two machined surfaces of the casings were joined with 
no gap. 

c) Deformation 

Defonmation was done with a special jig of two por- 
tions of half cylinders pushed against each other by a 
jade with a force of 30 metric tons (66.000 pounds). The 
half cylinders had an inside diameter which was slightty 
smaDer thtfi 11 Inches. # xcordingly, the final diameter 
oTthedeformedassembly was lees than 11 inches when 
the junction was deformed. Pliers were placed Inside the 
junction to aid deformation of the outlet where it is criti- 
cal: at the end of the tube where the defomnaiion is max- 
imal. 

A large wedge with a 5 degree angle was installed 
between the two outlets to faciHtale flattening them 
when def oiming. The deformation started at the outlets. 
Force was applied on the pfiers and simultaneously on 
the jack. A force of about one ton was continuously ap- 



plied to the pliers; the outside pg was mored down h 
stops of 125 mm;at©ach8tepafoiceon3fneliiclor»s 
(33.000 pounds) was applied. The operaion was re- 
peated with a force of 20 metric tons (44.000 pounds). 
5 and the end of the outlets started to flatten on the wedge. 
The process was completed at a force of 30 metric tons 
(66,000 pourtds). The resulting deformec sroduct was 
satisfactory. 

It is preferred to modify the shape ol ihe pliers in 
10 such a way that the pfiers deform the sutJsi with a 
smooth angle and to weld the wedge after dsfonnation. 
father than before, and to weld it by using hK> large 
wedges on each side of it to avoid a *ne;BtM* defor- 
mation of this area 
IS Experiment Phase 2 was conducted asacond time, 
but with a steel sheet metal stiflener wokiM along tie 
EB welds of both sides of the junction of the two casings. 
The junction was d^omied as In Expertnsrt Phase 2 
to ftt within an 11 inch diameter. A jack with a ferce of 
20 30 metric tons (66.000 pounds) was used. Pfen. as for 
the first junction, were not usedw A large wedge was 
used for the first junction with a 5 degree angpe cut in 
two and in stalled on each side of the wetdSd wedge be- 
tween the two outlets lofaetlitatenanonlngaf the outlets 
25 when defonning. The deformation slartedatttw outlets 
and continued toward the junction. This oDeraiion was 
repeated with a force of 30 metric tons. Pie end of the 
outlets started to fiatlen on the wedge. The portion most 
difficult to def omn was around the junction 3r tho casings 
00 where the outlets are complete inside but welded to- 
gether, where the welded surtace is between ttie top of 
the inside eOipsa and the top of the outsito o^pse. As 
a result of this experiment a higher capacity jack of SO 
metric Ions force was provided. 

9$ 

Experiment Phase 3 

Afull length prototype with two7 inchcasiogs con- 
nected to a 9 5/8 inch casing was manJactured and 
40 pressure tested. Testing stopped at 27 bar because de- 
formatton was occuning without pressure /ariation. 



a) Machining 

45 Machining was periormed in the sane «ey as for 
the two previous junctions except that theleng^ of the 
casings was 1.25 meters instead of 1 mstec and a 
groove was machined around the el^ptic£f profile to en- 
hance the EB wekfing process. AddHtonalyi a bind hole 

so wasmachinedontheplaneof the cut of each casing to 
install a pin between the two casings to provide better 
positioning. Tho upper adapter was mactoined out c4 a 
sofid bar of steel on a numerically oontroM mfiling ma- 
chine to provide a continuous profile betiieen t>e 7 inch 

ss cas^g8.witha^5degreeangle.andthe95/8inchca8- 
ing. The adapter was machined to accest a plug. The 
kiner diameter of the tower end of the 7 nch casings 
was machined to accept the expanding pugs. 
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b) Wefdtng 

The ivwD machined casings were assembled togeth- 
er with a jig and pressed together. The assembly was 
then fixed together by several spot TIG wekte and the 
jig was removed. In ^ EB chamber, the two parts were 
EB spot welded alternately on both sides to avoid pos- 
sible deformation. Then the two casings were EB weld- 
ed on one side: the assembly was turned over and EB 
welded on the other side. The assembled casings were 
foined satisfactorily. An adapter was then TIG welded 
on the assembled casings as weO as a ¥i«dge in be- 
tween the 7 inch casings. 



c)Pre8SUfB Testing 

Oefonnation during pressuie testing was measured 
using two linear polenliometere placed on the EB weld. 
The pressure was ineraased by etepe of 5 bar. and the 
valued the potentiometer was recorded at atmospheric 
pressure, at the given pressure, arKS **ten returned to 
atmospheric pressure. As a result of such pressure test- 
ing, it was determned that the total plastic deformation 
of the casings near their junction was 4.7 mm and out- 
wardly of their junction was 3.7 mm. 

Experiment Phase 3 showed that the deformation 
at 27 bar was too high. Nevertheless, the deformation 
was localized In a smaO area. The upper adapter and 
the large casing welding act as stiffeners. It was deter- 
mined to add a stilener in the plane of welding which 
can be 'anchored* in the area of low deformation. 

ExperifnemPh86e4 

A fuP length prototype with two 7 inch casings (9 
mm thickness)comecledtoa9S/8 Inch casing was de- 
formed tofit hside a 1 0.6 inch cylinder. This deformation 
was performed using the same jig used for Experiment 
Phase a but with a jack with 50 metric tons capacity 
Instead of 30 metre tons. 

a) Deformation Jig 

The deformation jig was modified to accept a higher 
deforming force and e>e bar which supports the fixed 
half sheP was reir^orced. The jig was bolted on a frame 
and a crsvie was included in the frame to lift the junction 
and displace It durtig the detonnation process. 

b) Deforming Process 

The change d dvnension of the joined casing dur- 
ing deforrration was measured using a sliding gauge. 
Such change of dimension was measured before apply- 
ing the pressure, under pressure and after releasing the 
pressure. Def omvtion started at the middle of the junc- 
tion where it is stiflesl and continued toward the ends of 
the outlets because the deformation must be larger at 



the outlets. The delormation on the bottom of the junc- 
tion was too hig^ on the first run and reached nearV 10 
inches. At the midcSe d the junction, the deformation 
was about 1 0.6 hches. Except for the bottom end which 

5 was def onned too much with negative cun^ture around 
the wedge, the rem^rxter of the junction stayed around 
10.6 inches. The maximum pressure applied was 670 
bar which required a force of 48 metric tons. For joining 
and deforming casings of thicker tubes, the jig nujst t>e 

10 rebuilt to accept large delorming forces. 

c) Conclusion 

The defomiation of the prototype of Experiment 

15 Phase 4 was conducted easily with the new jig. The cas- 
ings were reopened U> the original shape. 

Figure 4 is a pttspective view of the branching sU> 
30 of Figures 3A. 38. 3C where the branching sub is 
shown after expansion. Threads 31 are provfcM at the 

20 top end Of branching diamber 32. Threads 31 enable 
branchkig sub 30 to be connected to a parent casing for 
deployment at a subterranean locatloa Outlet members 
34. 36. 38 are shown expanded as they wouM kxjk 
downhole atthe OKI of a parent well. 

25 Figures 5A-5D ilhistrate an aftemative three outlet 
branching sub 301 accoiding to the invention. Figures 
5A and SB Plustrads in radial and axial croee-eection 
views the sub 301 in its retracted positton. Outlet mem- 
bers 341. 361 and 331 are Hhistrated with outlet member 

30 361 being about equal to itM combined radialcroes-sec* 
tional area of outtee members 341 and 381 combined. 
Each of the outlet members are deformed inwardly from 
a round tubular shape toihe shapes as Btustialed in Fig- 
ure 5A whereby the combined deformed areas d outlet 

3S membere 341. 361 »)d3Bl substantially fin the Circular 
area of branching chanter 321. Other defbcmation 
shapes may be advantageous as mentioned above. 
Each deformed shepe of ouUet members 341. 361 and 
381 of Figure 5A is characterized by (for example, of the 

40 outletmenf*er34vacircularouter8ection342andone 
or more connectr-;. non-circular sections 343. 345. 
Such non-circular seciiorw 343. 345 are cooperatively 
shaped with section 362 of outlet member 361 and 382 
of outlet men*er 33 1 so as to maximize the internal ra- 
45 (fial cross-sectional areas of outlet members 341. 361 
and 381. 

Figures 5C and 5D Oustrate the branching sub XI 
of Figures 5A and 5B after its outlet members have been 
fully expanded after deplcyment In a parent wed. Outlet 

so members 361 and 381 are illusUated as having been 
simultaneously expanded in a gently cunrtng path out- 
wardly from the axis of brarKhing chamber 321 and ex- 
panded radially to kxm circular tubular shapes from the 
defonned retracted state of Figures 5A and SB. 

55 Figures 6A-6E show in schematic form the size of 
expanded outlet rr^nrtbers as compared to that of the 
branching channbe- Figure 6A shows two outlet mem- 
bers 241. 242 which have been expanded from a de- 
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formed retracted state. The diameters of outlet menv 
bers 241 and 242 are eitetantially greater in an expand- 
ed state as compared lo their circular diametere if they 
coutd not be expandedl Figure 6B repeats the case ol 
Figure 38. Figure 6C repeats the uneven tr^le outlet 
conHguration as shown in Figures 5A-5D. Figure 60 it- 
tustrates lour expandlabte outlet members from a 
branching chamber 422. Each of the outlet members 
441 . 442. 443. 445 are of the same diameter. Figure 6E 
idustiates five outlet menr^rs, iMhere outlet member 
545 is smaller than the other four outlet members 541, 
542. 543. 544. Oudet member 545 may or may not be 
defomned in the rBtiaded state of the branching sub. 

Dascrfption of M0tx)d for BcpafKSng a DalomMd 
Retracted Outlet Meinber 

Figures 7A-7E llwfibate downhola forming heads 
122. 12< 126opaiatin9al various depths inouttot mem* 
bers sa. 34.36. As shown on the rigjht hand side of Fig- 
ure 7A. a generafeed lomting head 1 22 is shown as it 
amersadalofmed rairactod outlet fnomber, for exainpto 
outlet member 3a at location a Each of the forming 
heads 122. 124. 126 has not yet reached an outet mem- 
ber, but the heads have already begun to expand the 
outlet wan of branching chamber 32 outwardly as illus- 
trated in Figure 7B. The fonning heads 122. 124. 126 
continue to expand the outlet members outwardly as 
shown at location C. Figure 7C shows the forming heads 

122. 124. 1 26 expandng the outlet nrmhbert outwardly 
while simultaneously circularizing them. Forming pads 

123. 125. 127 are forced outwardly by a piston in each 
of the fomiing heads 122. 124. 126. The forming heads 
simultaneously bear against central wall region ISO 
which acts as a reaction body so as to stmultaneously 
expanded fomt the outlet members 38. 34. 36 whie 
balancing reactive forces whBe expanding. Figures 7D 
and 7E illustrate the forming step at locations D and E 
of Figure 7A 

Figures SA a^ BB illustrate an axialy extending 
slot 160 in the braichng chamber 32 of branching sub 
30. Such slot 160 cooperates with an orienting and 
btchng sub of a downhole forming tool for radial posi- 
tionng of such orienting wxJ latching sub for forming and 
expandng the mut^ outlet members downhole. A 
notch 162 in branching charr^ 32 is used to latch the 
downhole fonning tool alapredetermined axial position. 

An extension leg 170 projects downwardly from the 
central wall region 150of branching sub 30. A foot 172 
IS carried at the end of extension leg 170. In operation, 
foot 172 is lowered to the bottom of the borehole at the 
deployment locatian. R providee support to branching 
sub 30 during fbrnsng tool exparKing and other opera- 
lions. 



D eau l pli on of Forming Tool 

a) Oesci^ition of Embodrnent of Figures 9. 10 

5 RgwBs 9 and 10 illustrate the forming tool used to 
ex^mJ multiple outlet members, for example outlet 
mernbecB 34. 36, 38 of Figures 3A. 38, and 3C and -ig- 
uras 7a 7C. 7D and 7E. The forming tool includes uv>- 
hote apparatus 100 and downhole apparatus 200. The 
10 uptcle apparatus 100 includes a conventional computer 
102 programmed to control telemetry and power SMPply 
unt 104 and to receive commands from and display in- 
formation toahuman operator. An uphole winch unllT06 
has an electrical wireline 110 spooled thereon for tiaw- 
15 ering downhole apparatus 200 throui;^ a parsnt wel 
cavig and into tie branching chamber 32 of a btaKti- 
feig sub ao which is connected to and carried at the end 
of fM parent casing. 

The downhole apparatus 200 includes a oorann- 
20 tionalcflfale head 202 which provides a strenglifelBCtri- 
csH connection to wirelne 110. A telemetry, power sup- 
plies and Gomrole module 204 Includes conventioral te- 
lenieby. power supply andcontrol circuits which fundion 
tosommunicate with uphole computer 102 via windine 
26 mmd to provide power and control elgnals to do«n» 
hcto modulee. Hydraulic power unit 206 Includes a ton- 
vent»nel electrically powered hydraufic pump for 3ro> 
dicing downhole pressurized hydraulic fluid. An orent- 
Ing aid latching eub 206 includes a lalching device 210 
30 (sdierrattoallylllustfaled) tor fitting within notch IS of 
branchng chamber 32 of Figure 8 A and an orienting de- 
vice 212 (echemadcally HustTBled) for cooperating witti 
SI0I16O or bfwiching chantber 32. When the downinle 
^^araM 200 le lowered into branching sub 30. oiiant- 
3S ingdetfioe212enteratieslot160andfhedo«nholea^ 
paatus 200 ie hirther lowered unti tie iBlcMng dance 
210 enters and latches within notch 162. 

Fixed traveHng head 213 provides hydraulic fluid 
communication between hydraulic power unit 206 and 
40 th§traveiingtomilngheads122.124,126.forexanDle. 
Teescooic links 180 provide pressurized hydraulic luid 
to :rave«ng fonning heads 122. 124. 126 as the hiads 
^Zl 124. 126 move downwardly within the mullipte out- 
let meatoers. for example outlet members 34. 36. 38 oT 
45 F9iree7B-7E. Monitoring heads 162. 164. 186areipro- 
viM to determine the radtad distance moved white ra- 
dially toimlng an outlet member. 

R^ve 10 illustrates traveBng forming heads 126. 
124. 122 in different stages of fonning an outlet meiOer 
so 04 Bvavhing sub 30. Forming head 126 is shown inoul- 
leimen«>er 36. v4iich is ilustrated by a heavy rme bflftore 
radial forming in the retracted outlet member 36. The 
odJet member is shown In light Ines 3ff. 36'. wlwieihe 
oM member is depicted as 36* in an intemwdate 
SB 6ageal1bmiingandas36'initsfinalfom)edstaca. 
the fonning head 124 is shown asHis radially tvm- 
In? rebacted outlet member 34 (in lig^t line) to an nter- 
rrediate stage 34*. A fnal stage is illustrated as circilar- 
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Ized outlet rnembor 34'. The forming head 124. like the 
other t¥w fofminQ heads 1 26. 1 22. Ifysludee a pfeton 1 51 
on which forming pad 125 Is mounted. Piston 151 is 
forced outwardV by hydiaulic fluid applied to opening 
hydraulic line 152 and is forced inwardly by hydraulic 
fluid applied to ck»ir>g hydraulic line 1 54. A caliper sen- 
sor 1B4 is provided to detemnine the amount of radial 
travel of piston 151 and lomiing pad 125. for example. 
Suitable seals are provided t>etween the piston 1 51 and 
(he forming head 124. 

The forming haad 122 and lomang pad 123 are fl- 
lustrated in Figure 10 to indicate that under certain cir- 
cumsttfices the shape of the outlet menr^r 3B may be 
*over Mpanded* tocmaie a tliehtly oblong shaped out- 
let, such that when ladBl iomiing force from foiming pad 
123«id fdrming hnd 122 is removed, the outlet wil 
•prtoig bocl(ftriioaciRular shape due to residual elastic- 
ity of lha steel outM member 

M Ihe level of tie bianchinQ chamber 32. fom^g 
headi 122. 124. 126. bfitance each o«her against the 
reaction lorcee whis fofcing ttie waUs of the chamber 
outwardly. Aocoitfingfylhetornwig heads 122. 124, 126 
are operated simulmousty. for example at level B of 
Rgure 7A. while tofdng me tower end of the wall of the 
branching chamber 32 outwardly. When a forrning head 
122 enters an outtat member 38 for example, the pad 
reaction forces are evenly supported by the central wafl 
region 150 of the branching chamber 3^ The telescopic 
Inks 160 may be rotated a small amount so that the 
fonning pads 127. 125. 123 can apply pressure tothe 
right or left f ram the nonnal axis and thereby impiove 
the roundness or cacularlly of the outlet members. After 
a fonning sequence is performed, for example at toca- 
tk)n D h Figure 7A. tie piessuie is released from piston 
151, and the teleecopic linlcs 180 lower tfie fonning 
heads 122. for exainple. down by one step. Then the 
pressure is raised agah for forming the outlet mernbere 
and so forth. 

The condition of the materials of which the 
branching sub 30 is consti\icted is preferably of an aHoy 
steel with austentc structure, such as manganese 
steel, or ntekel alk))S such as •Monel" and Inconel" se- 
ries. Such materials provide substantial plastk: deforma- 
tk>n with cold forming thereby provicfing strengthening. 

b) Deecrfptkm of ASemalive Eni>odiment of Figures 
15A-15D.16and17A-17D 

An alternative post-ionning tool is illustrated in Fig- 
ures 15A, 15B. ISBT. 15C, 150. 16, and 17A-17a The 
posl-fbnning tool 1500 is supported by common down- 
hole consents of Figure 9 includmg a cable head 202. 
telemetry, power supplies and controls module 204, hy- 
draulic power unit 206 and an orient^g and latch Ing sub 
208. Figure 16 iBusiratee that post-fonning tool 1500 in- 
cludes a tiavel aduator 1510. A piston 1512 of travel 
actuator 1510 moves from an upper retracted position 
as shown in Figure 1 7 A to a tower extended positton as 



shown in Fibres 17C and 17D. Figure 17B shows the 
piston 1512 in an intermediate position. Piston 1512 
moves to intermediate positksns depending on the de- 
sired travel positkyis of forming heads in the outlet mem- 
s bers. 

Figures 16 and 170 Ikistrate a two forming head 
emtxxliment of the posl-Vxming tool 1500 where two 
outlet members (e.g.. see outlet members 1560 and 
1 562 of Figures 1 5A-1 50) are illustrated. Three or more 

10 outlet members may be provided with a corresponding 
number of forming heads and actuators provktod. Unks 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylnders 1516 are forced 
downwardly into outlet members 1560, 1562 as piston 

IS 1512 moves downwardly. 

Actuator cylinders 1 516 each include a hydraulkal- 
ly driven piston 1518 v^vch receives pressurized hy- 
draufie fluxl from hydraulic power unit 206 (Figure 9) via 
travel actuator 1510 and inks 1514. TTie piston 1518 is 

^ in an upper positnn as iustraled In Figures 17A and 
17C end in a tower position as illustrated k\ Figures 17B 
and 170. 

The actuator cylinders 151 6 are pivotally linked via 
links 1524 to fomning pads 1520. The pistons 1516 are 

2S linked via rods 1526 to expanding rollers 152^ As 
shown in Figures 17A and 158". the fonning pads 1520 
enter an opening of two retracted outlet members as il- 
histrated in Figure 15B. TTie expanding rollers 1522 and 
forming pads 1 520 are in a retracted positnn within re- 

M tractedoutletmembers 1560. 1562. 

The piston 1512 is stroked downwardly a smaN 
amount to move actuator cylinders 1516 downwardly a 
sman amount Next, pistons 1518 are stioked down- 
wardly causing expanding rollers 1522 to move atong 

3S the inclined mtertor face Of forming pads 1520 causing 
the pads to push outwardy against the inlerk>r waHs of 
retracted outlet members 1560. 1562 until the outlet 
members achieve a circUbr shape at that level. Simul- 
taneously, the outlet members are forced outwardly 

40 from the axis of the multioto outlet sUb 1550. Next, the 
pistons 1518 are stroked upv^-ardly, thereby reluming 
the expanding rollere 1522 to the positkms as shown in 
Figure 15C. The piston 1512 is stroked enofher small 
distance downwardly thereby nnoving the forming pads 

45 1 520 further down into the oultot membere 1 560. 1 562. 
Agab. the pistons 1518 are stroked dowffiwardly to fur- 
ther expand the outlet members 1560. 1662 outwardly 
and to circularize the outlets. The process Is continued 
until the posiltons of Figures 1 50 and 170 are reached 

60 whk^ illustrate the posttkxi of the forming pads 1520 
and actuator cylinders 1 51 6 at the distal end of the mul- 
tiple ouUet members 1 560. 1562. 

Descriptk)n of Method for ProvkJing Branch Wells 

Figures 11A-11H and Figure 12 descriw the proc- 
ess for establishing branch wells from a branching sub 
30 in a well. The branching sub 30 is illustrated as having 
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three outlet members 34. 36, 38 (per me example o( Fig- 
ures 3A, 38, 3C and Figures 7A-7E) tnit any numl>er of 
outlets may also be used as ibstiaied k\ Figures 6A' 
6E. Only the outlets 38. 36 are iustraled from the axial 
cross-sectional views presented, but of course a third 
outlet 34 exists for a three outlet example, but H is not 
visible^ the views ol Figures iiA-llM or Figure 12. 

Figure 11 A shows that the branching sub 30 is first 
connected to the lofwer end of aparent casing 604 which 
is conveyed through internisdate casing 602 (if 
present). Intermediate casing 602 ines the weBbcre and 
istypicany run through surfacecasing GOO. Surlacecas- 
ing GOO and intennediate casing G02 are typically pro- 
vided to ino the weHbore. Tha parent casing 604 may 
be hung from intefmediate casing G02 or from the well- 
head el the surface of the eanh or on a production plat- 

formi 

The outlet mentbers 36. 3B (34 not shown) are in 
the retracted position. Slot IGOand noteh 162 are pro- 
vidod in bfanchng chairtber 32 or branching sub 30 (see 
Figure 12) to cooperate with orienting device 212 and 
latching device 210 of orienting and latching sub 208 of 
downhole apparatus 200 (See Ftgure 9). When the par- 
ent casing 604 is set downhols. the branching sub 30 
may be oriented by rotating the parent casing 604 or by 
rotating only the branching sub 30 where a swivel Joint 
is installed (not illustrated) a the connection of the 
brwKhing sub 30 with the parent well casing 604. The 
orienting process may be mon<Of ed and controlled by 
gyroscopic or inclinometer sun«y methods. 

Description of Alternative Embodiment d Figures ISA- 
1BFand19A-19C 

Figures 18A-18F Mustrate concave deformation of 
outlet members h a retracted state d a branching sub 
accorcfing to an alternative embodiment of the Invention. 
The outiets are shaped similaf to that of a ruled surface 
shell. Concave defomiation cr retracted outlet mem- 
bers, under certain circumstances, provides advantag- 
es for particular outlet arrar^pements. espedalty for 
three or more outiet nodal junctions. 

Figure 18A illustrates, in a radial cross section 
ttirough lines 18Aof the branchirig chamber 1 821 , of the 
brmhfeig stib 1850 of Figure 166. ihat ttte outlets have 
a concave shape. Stilening cmicture 1800 is provided 
atthejundureof each outiet memtef 1881. 1642. 1861 
wtti Its neighbor. As a result, me araa ttwt is capable of 
plastic defomiation is reduced as tha number d outiets 
increases. Providing the retracted shape of the outlet 
merrtbers. as In Figures lOAand 188. allows minimiza- 
tion of ttia area lo be deformedl ar«J simultaneously re- 
spects the principle of deformation of a niled surface 
sheNthatalows expansion bypoel-foiming with a min- 
imum of energy requirod. Figure 18A iHustrates an en- 
velope 1 810 of the overall diameter d the bnamcMng sub 
1850 when the outlet menrtbeJS 1881. 1842. 1861 are 
retracted. The arrow 1806 pcints to a circled area of 



stnictural reinforcement. Arrow 1804 points to an area 
of concave defonnation of the outlets in branching 
chamber 1821. 

Figure 18C iflustrates the branching sub 1B50 at a 
5 longitudinal position at the junction d the outlet mem- 
bers with a radial cross section Ihrou^ lines 1 8C d Rg- 
ure 18B. Arrow 1810 points to the outer envelope d the 
branching sub in its retracted state. Figure 180 illus- 
trates the branching sub 1 850 near the end d the outiets 
10 while in a retracted state. Anew 1 81 Opdnts to the outer 
envelope d branching sub 1850 in tiie retracted state, 
while arrows ie81M642' and 1B61'pokit 10 dashed rue 
outlines d the outiet members 1881. 1842 and 1861. 
respectively, after expansion. 
IS Figures 18E and 18F Hkistrate ttie branching sub 
1850 in VI expanded state where Figum iSEisa radial 
cross section d through the outlet members at the end 
d tite outiet Arrow 1810 pointB to ttie outer envelope d 
the blanching eub 1650 ««ien in a retracted state; anow 
so leiapdntstotheoutarenvelopewhentheouUetmem- 
bers 1881*. 1842* and 1861' have bean expanded. 

A preferred way d placing ttie outiet members 
1881 . 1842, 1881 inloihe retracted state d Figures 18A- 
18D is to construct the sub wHh ihe geometry d Figure 
2S 18E and ^)ply concave pTiere along the vertical plan d 
axis synvnetry d the junction. The defomiation is pro- 
gressively greater and deeper starting from the top d 
the outiet mentbers (Figure 16A) to ttte bottom d the 
outlet menders. The entire junction d outiet members 
30 18B1 . 1 842. 1861 to branching chamber 1821 prdem- 
bty includes welding d super plastic materials such as 
nickel-based alloys (Monel or Inoonel. for example) in 
the defonned areas and materials d hi^r yield 
strengtti In ttw non<tef owned part d *ie branching sub. 
35 Electron beam weUng is a preferradmetiwdd welding 
the con^ite shel d the branching sub. because elec- 
tron beam welding minimizes welding induced stresses 
and allows joining d sections d different compositions 
and thick walls with minimum toss d strsngth. 
40 Figures 19A 19B and 19C illustrate a post-fonning 
tod 1926simllarto the post-fomiingtodd Figures l5Br- 
150 and 16 described above. An actuator sonde (nd 
shown) supports ttie poet-forming tod 1926 Includng 
actuator 1910. push rod 1 927, and forming rdlers 1 929. 
45 Figure 19A shows an axial sectton schematic d the 
post-forming tod 1926 operating in one outiet member 
1881 d branching sub 1850 when It begkis to expand 
such outiet member. Figure 1 9B tUustraies a similar axial 
section where actuator 1910 has been stroked oulward- 
50 ly to force push rod 1927 and traveling tomiing head 
1928 downward, with formkig rdlers 1929 expandkig 
outlet manner 1881 outwardly while simultaneously 
roundkig it Figure 19C shows a vertfcal croes sectkx* 
tftrough the branching sub 1850 witii a traveling forming 
55 head 1928 ii each d the ti^ree outiet members 1881. 
1842. 1861.FonningroBers 1929 force tiie concave por- 
tion d outlet members 1881. 1842 and 1861 outwardly 
while support rollers 1 931 are supported against stiffen- 
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ing structure 1800. Push beams 1933 provide a frame 
lor rotationatly supporting formif>g rollers 1 929 and sup- 
port rollers 1931. Springs and linteges (not illustraed) 
are provided anwng push beanis 193a forming rolsrs 
1929, and support rollers 1 931 to insure that all mowig 
parts retract to a top position so that the overall tod dh 
ameter collapses to the dianneter of the branching cham- 
ber 1821 (Figure 168) of the branching sub 1850. 

In operation, the traveling fomning head 1 928 d Fig- 
ure 1 9A-1 9C follows a sequence d steps similar to tial 
described above with respect to Figures 17A-17D. The 
po6l4ormingtod 1 926 is conveyed by means da w*e- 
bie and Its associated sonde with cable head, tetom^ 
power tuppHee and contids sub. hydraulic power imt. 
ml orienting md laldiing sub, and b set so thai tie 
aeluatorl 910 seats above the top d the junction d oif- 
erring structuie 1600. The tiavelngfomrMng head 1908. 
oompriBlng push beam 1933 canying fbnning ntm% 
1029 and support lOHeis 1931. li pushed downwaaly 
by powering actualor19l0sothaA the expansiondeaeh 
omiei member(e.g., 1881, 1842, 1861)begins at iisiop 
end where it exits from the branching chamber 1 821 and 
continues to the lower end d each outlet member This 
sequence Is repeated unUI the proper circutar shaps is 
achieved. 

Figure 11 B illustrates the forming step described 
^XTve with forming heads 1 22. 126 shown forming out- 
let members 38. 36 with hydraulic fluid being provded 
by telescopic Ihks 180 from hydraulic power unit 206 
ml fixed traveling head 213. The outlet members 36. 
3B are rounded to maximize the diameter d the branch 
weRs and to cooperate by fitting with liner hangeis or 
packers in the steps descrl}ed below. The forming ttep 
of Figure 11B also strengthens the outlet memben 36. 
38 by their being cdd formed. As descrtoed above, ihe 
praferred material d the outlet members 36. 38dma 
branching sub is alloyed steel with an austenitic slruc- 
ttire. such as manganese steel, which provides si*fi»r>- 
tial plastic deformation combined with high suengihen- 
ing. Cdd iomktg (plastic defonration) d a nickel Etoy 
s:eel. such as 'Inconel', thus increases the > ekJ 
sif erigth of the base material at the bottom end d me 
brartching chamber 32 and In the outlet members 36, 
38. The outlet members are formed into a final submv 
tally circular radial croes-eectkxi by plastic deformadioa 

As described above, il is preferred under most con- 
<«nns to convey and oontrd the downhde fonmingaiK 
pamtus 200 by means d wireline 110, but under certain 
cor>dltk3ns. e.g.. under-balanced welt)ore conditiora. 
(or in a highly deviated or horizontal well) a cdled tUang 
equipped with a wireline may replace the wireline atone. 
As illustrated in Figure 11B and described above, the 
downhde forming apparatus 200 is oriented, set and 
locked into the branching sub 30. Latching devce 21 0 
sfiaps Mo notch 162 as shown m Figure 11B (see also 
Figure 12). Hydraulfc pressofe generated by hydraulic 
power unit 206 is applied to pistons in forming h«ds 
122. l26thatare8upported by telescopic links 180 Af- 



ter a fonming sequence has been periomedl pres- 
sure is released from the pistons, and the Mescopte 
links 180 tower the fomiing pads dowr by one step. 
Then the pressure is raised again and so on until the 
5 iom\k\g step is completed with the outlet members cir- 
cularized. After the outlet members are expanded, the 
downhde forming apparatus 200 is rerwed from the 
parent casing 604. 

Figures 11 C and 11D illustrate the cameririg steps 
10 tor connecting the parent casing 604 an^ the branching 
sub 30 ^to the well. Plugs or packers BOO ara installed 
Wo the outlet memborB 36. 38. The prefffred way to set 
the packers 800 Is with a multiple head singar 802 con- 
veyed either by cementing string 804 ora ooied tubing 
IS (nd illustrated). A mut^ head stinger includes multi- 
ple heads each equipped with a cementngBow shoe. 
The stinger 802 is latched and orienledffitha branching 
chamber 32 d branching sub 30 in a manner similar to 
that described above wKh respect to F^ir» ^B. As a- 
20 tustrated in Figure 11 D. cement 900 is <rrjeciBd via the 
cementing string 804 into the packers BOO. am after In- 
flating the packers 800 flows througir canventkxial 
check valves (not shown) into the annuUs outside par- 
ent casing 604, includvig the bottom branching section 
2S 1000. Next, thecementing8tring804ts9uUedoutdthe 
hde atter disconnecting and leaving packavs 800 In 
place as shown In Figurs 11E. 

As shown in Figure 11F. indivkiual aranct> wells (e. 
g. 801 ) are selectively dritted using any suilaMe drilling 
30 technique. After a branch wen has been drttod. a liner 
805 is installed, connected, and sealed in the outlet 
member, 36 for example, with a uo manti u itt i casing 
hanger 806 at tfto outlel d the bianchisg sab 30 (See 
Figures 110 and 1114- The iner may bacennnted (as 
as illustfatodlnFigure11Q)orilmaybe^a^liB^^ablede• 
pending on the produdton or Injecttonpararaeteis, and 
a second branch well 808 may be driltad aa Ikistrated 
in Figure 11H. 

Figure 12 illustrates completion d branch wells 
40 from a branching sub at a node d a parant Ml having 
parent casing 604 run through intormedate casing 602 
and surface casing 600 from welViea: 310. As men- 
tioned abGve. parent casing 604 may bs hung from in- 
tormediate casing 602 rather than from wdtwad 61 0 as 
49 ilkistrated. The preferred method d conpleling the weU 
b to connect the branch wells 801. eCBtoadownhde 
manifdd 61 2 set in the branching chamber asabove the 
junctton d the branch wells 801. BOB. Tha downhole 
rnanifdd 61 2 is oriented and latched in bancNngcham- 
so t>er 32 in a manner similar to tfwitd the A)w«*iole form- 
ing tod as IHustrated in Figures 8A. 68 and 11 B. The 
downhde mani1oW612altowsforcontfd dil« produc- 
tk)n d each respective branch well andprcMdes for se- 
lective re-entry d the branch wetts 801 , 338 mth testing 
55 or maintenance equipment whfch mat ba conveyed 
through productcn tubing 820 from the surtsace. 

In case d remedial woric in the pawn casing 604, 
the downhole manifold 612 can isolate the parent well 
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Irom the branch wells 801 . 808 by plugging the outlet of 
the downhole manHoW 612. This is done by conveying 
a packer through production tubing 620^ and setting it 
in the outlet ol downhole manifold 612 before discon- 
necting and removing the production tubing 820. \feUves 
controttable from the surface and testing equipment can 
also be placed in the downhole equipment. The down- 
hole manifold 612 can also be connected to multiple 
oompietion tubing such that each branch well 801. 808 
can be independently connected to the surface well- 
head. 

The use of a brarwhing sub for branch well fom»- 
tion. a& described above, for a triple t>ranch welt config- 
uration, allows the use of dramatically smaller parent 
casing as comparad to that required in the prior art ar- 
langenienlof Rguree lAand laiherelationshipebe- 
tweenlhe branching subtfameterOs. ttiemaximum ex- 
pandDd outlet diameter Da and the maxirmim diameter 
d a eonventional axial branch De lor a two outlet case 
Is shown in Figure 13A. and (br a ttiree outlet case in 
Figure 1 3a The same kind o< anajyeis applies tor other 
multiple outlet arrangements. In comparison to an 
equ ivalent axial branching that oouM be made of Hners 
packed at the end ol the parent casing, the branching 
welt methods and apparatus of the preeent hventton al- 
tow a gain in branch cross-sectional area ranging Irom 

20 to 80 percent. 

Figures 14A-1 40 illustrate various uses of two node 
branch well configuratxxis according to the inventton. 
Figures 14A and 14B illustrate a branching sub at a node 
according to the invention. Figure 14C illustrates how 
branch weOs may be used to drain a single strata or res- 
en^r 1 100. while Figure 1 40 ilhjstiatee the use of a sin- 
gle node by whk:h multiple branch wets are directed to 
different target zones 1 1 20. 1 1 40. 1 1 60. Any branch well 
may be treated as a single wel for any Inten^tton. 
plugging, or abandonment separate from the other 
wells. 

Description ol Alternative Embodiment cA a Branching 
Sub Aooordtng to the Invention 

a) Description ol ARemadve Branching Sub 

Figures 20A and 20B show an alternative embodi- 
ment 8000 of the invention ol a branching sub. Figure 
20A shows m\ extertor view of the branching sub 3000 
incKidk>g a housing 3002 having threaded ends 3004. 
3006. The branch ing sub 3000 ol Figures 20^ 20B is 
illustrated in an expanded or post-formed state. The 
branching sub 3000 includes a main pipe 3010 which 
defines a feed through channel 3011 (see Figure 20B) 
and at least one lateral branching outlet 301 2 whKh de- 
fines a lateral channel 301 3 (see Figure 20B). A branch- 
ing chamber 3008 is defined between the top channel 
3007 and the feed through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (BH A) deflecting 
area 3015 separates main pipe 3010 from lateral 



branching outlet 301Z 

In a retracted state, the branching sub 3000 may be 
placed in series with sections ol weD casing and posi- 
tioned in a borehole witi the running of the casing suing 

5 into the borehole. After placement in the borehole, the 
housing ol the branching sub 3000 is post-formed so 
that both the feed through channel 301 1 and the lateral 
channel 301 3 (or nrtuftiple branching outlets) are shaped 
to a final geometry which increases resistance to pres- 

10 sure and which maximizes the drift diameter of the lat- 
eral channel 3013 and the feed through channel 3011. 
Longitudinal ribs 3018 provtoe strength to the housing 
3002 of the branching sub 3000. Longitudinal rb 3016 
extends the entire axiailengtti ol the branching sub 3000 

15 and is integral with the BHAdeflectIng area 3015 for a 
distvice from the bolom threaded end 3006 ol the 
branchhg sub 3000 tothe branching chamber 3006. 

Figures 21A-21D schemalk^aOy illustrate the 
branching sub 3000 in its retracted state (see Figures 

20 21A.21B) and in Its expended state (see Figures 21C. 
21D). In the retracted state shown in Figures 21 A. 21B. 
the main pipe 3010 and the branching outlet 3012 have 
been prefabricated sotfiat the maximum outer diameter 
D of the branching sub 3000 is not greater than the top 

ss threadedend3004orbotlomthreadedend3006. Figure 
21 B. taken atong section fne 21B ol Figure 21A. itlua- 
trates the obtong shape of the feed through channel 
301 1 of main pipe 3010 and of the lateral channel 301 3 
of lateral branching outlet 301Z In the retracted state. 

30 branching sub 3000 can be placed between sections of 
borehole easing and run into an open borehole to a se- 

Figuree 21C w$ 210 achematicaily Skistrate the 
branching sub 3000 liter t hat had ito feed through 
3S channel 3011 expandsdandite lBleralchannel3013ex- 
panded. The maximum dtamster In the expended slate. 

perfonned downhole. at sectton line 21D is D* as com- 
pared to the diameter D ol ttte top and bottom threaded 
ends 3004. 3006 ol the branching sub 3000. Figure 21 D 

40 illustrates that the main pipe 3010 and the laleral 
branching outlet 301 2 rot only have been expanded out- 
wardly from their retracted state of Figures 21 A, 21 B. 
but that they have bean substantially circularized. Thus, 
n Figure 21D. feed tfvouflh channel 3011 and lateral 

4$ channel3013arecharBClerizedby8Ubetamianyctrcular 
internal diameters. 

The downhole post-torming method and apparatus 
illustrated and described above by reference to Figuree 
7A-7E. 8A, &B. 9 and 10 are used to expand the feed 

so throu^ channel 3011 and the lateral channel XI 3. 

The constructkxi ol branching sub 3000 is based on 
the combinatton of metferial and goomelrteal properties 
of the BHA deflecting area 301 5. The material is specif- 
ically selected and treated to allow a large rate of defor- 

ss matton without cracks. The geometry of the walls such 
that both its combined thk:icness and shape ensure a 
continuous and progressive rate of deformatton during 
the expansion. The plastic deformatton increases the 
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ytoW strength tjy cold work effect and hence gives the 
join! m acceptable strength that is required to eupport 
the pressure and liner hanging forces. Figure 22 shows 
that the yield strength after expansion increases with the 
rate of deformation ol the outlets. A prefofred material 
for use in the poet-forming areas is a fine grain normaJ- 
tzed cartxyi steel or an austenitic manganese alloyed 
steel that reacts favorably to cold working. A preferred 
constniction method is to manufacture different specific 
components in order to optimize the material ar>d f omv 
ing pfocess of each partk:ular part In a final stage, the 
components are wekM together so that the housing 
3002 becomes one single continuous structural shell 

b) Daso^stion of Use of Altemative Brandiivg Sub 

Figura 23 schematically imttrales tha UM o« the al> 
temaiive branching sub 300O as described above. A 
prefsned use of the branching sub 3000 is for providtag 
multiplB branches in a parent well Such multiple 
branches may improve the drainage of a s**terranean 

formation. 

Before the inventkxt of the branching sub 3000 of 
Figures 20A. 208 and 21 A-2ia eonnectnn of a lateral 
branch to a parent well has generally nnade use of an 
arrangement of several parts with ssaling of the branch 
weD to the parent well with rubber, resin or csmeni Such 
josits require a complex method of installation and 
present a risk of hydraulc isotatkvi failure after several 
pressure cycles in tfie welt. 

The branching sub 3000 according to the invention 
albws for providing multiple branches from a parent 
casing wilh no sealing joint, but with conventional liner 
hanging packers and casing joints. The geometry of the 
housng 3002of the bfwwhing eubdOOOanowsthe pres* 
sure latkig ofthesubaiKlthesizeofths branch to be 
maximized ¥«th regard to the parent casing size. Figure 
23 shows an example of the use of a branching sub 3000 
where, after expanskxi downhole, branch wells 3014 
are provided to separate parts of the earth's cnjst by 
means of lateral channels 301 3. The branch wells 30 • 4 
can be used for exUactkm. storage or injectkjn of various 
fhikis such as mono or poty-phasie fluids of hydrocarbon 

products, steam or water. 

c) Descr^Hfan of Deflection Apparatus and Procedures 

Figure 24 illustrates how a draiing tooi 3030 can be 
guktod Of deflected from main pipe 3010 into lateral 
branching outlet 3012 after the branching sub 3000 has 
been expmled downhole. A deflectktg tool 3036 is set 
in main pipe 3010 by means of elements wrftich oooper- 
ale Witt) the posiltoning groove 3040 and orienting cam 
and slol 3042 Rkistrated schemalicany. 

Several lateral branching subs can be stacked in 
tandem at a kxatkNi in the weH or at aevetal places 
ak)ng the casing string in order to provide optimal com- 
municatkm with various fonnations from the parent well. 



Figure 25 illustrates two branching subs 3000 aooording 
to the altemative embodiment of the invention wMch are 
connected m tandem in a casing string 3300. Where two 
or more branching subs 3000 are connected in a casing 

5 string 3300. each sub can be orisnled with rre same or 
a different face angle for the lateral branches As a con> 
sequence, different angular orientatkxis fron the parent 
well may be provided to reach a large voUm of subter- 
ranean formations with different lateral braxttes. The 

10 ca8ingstring3300maybeorientedvertcallyorhonzon- 
tally, or it may be tilted; but the lateral branches may in 
any case extend laleratty from the parert casing. Al- 
though departing at a narrow angle from the casing 
string 3300, lateral boreholes from the bleii^ ouSets of 

IS bfanchhgsubs3000canbedirectionallydiMtoaver- 
tk»l. deviated or horizontal orientation. 

Figures 26A md 26B ilustrats a drilaMi cap 3400 
wektod about the opening of lateral branching outlet 
3012 in Its retracted and expanded oondttnns. mpec- 

90 tlvely. When conveying the casing ^ringirtto the bore- 
hole, the cap 3400 isolates the lateral Channel 3013 from 
the borehole and maintains a differentiai pressure 
across the casing wait which may be required toccntrol 
the borehole pressure when casing is conveyed down- 

2S hole. When the lateral branch is to be drilled, a drilling 
tool bores through cap 3400 and intoafomitfionloform 
a latsral branch. 

d) Description of Advantages and Features of 
30 Altemative Branching Sub 

As mentioned above, a single branching sub 3000 
can be provided with more than one laleialoullet. Such 
multiple ouUeto cm be ooplanar with each atier or non- 

3S coptewar. A Single blotching sub 3000 can tie connecl- 
ed in tandem with one or mors ofher branchir«g subs 
3000 either at its top end or its bottom end. A branching 
sub 3000 can be provkled with a foot at its lower end in 
a similar manner to foot 1 72 of Figure 8A. 

40 A lateral branching outlet 301 2 of Figure 20B may 
support a liner hanging packer which holds a liner con- 
nected to the housing 3002 in order tc isoiale the 
branching chamber 3006 from the borehole. Appropri- 
ate grooves at the top of the lateral branching outlet 

45 3012 nray t>e provkled to secure the Hner hanger and 
prevent the Bner from accktentally moving out ol out- 
let during the liner setting operatton or latot ASemative- 
ly, the interior wall of Ihr lateral branching oi^ 3012 
can be provktod without grooves. 

50 The lateral branching ouUet 3012 can be teiwnnated 
with a ramp that gukJes the drilling bit when starting the 
drilling of the lateral borehole. Such ramp can iirevent 
the drilling bit from aocUentally drilling badi tomrd the 
main pipe 3010. 

ss other structures may be provk5ed inside the 
branching chamber 3008 such as a gukSanoe ramp, sec- 
ondary positlonrng groove, or the like to vafidste corv 
veying equipment through the feed through ctiannel 
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3011 or toward a specific lateral channel 3013. The 
branching chamber 3006, or the lateral branching outlet 
301 2. or the main pipe 3010. can be provided with tem- 
porary or pemianent flow control devices such as 
valves, chokes, or temporaiy or pemianent recording 
equipment with temperature, pressure or seismic sen- 
sors, lor example. The branching chamber 3008 can al- 
so be provided with a production tubing interface with a 
flow connector, or a flow diverter. or an isolating packer. 
Alaleral branching outlet 3012can also be provkMwilh 
an artificiat lifting device such as a pump, gas influx in- 
jectors, and the tike. 

As an alternative to the apparatus and techniques 
of Figures 7-10 for expanding the main ppe 3010 and 
the lateral branching outlet 3012. an inflatable packer 
may be placed on the inskle wa8 of the main pipe 301 0 
or the lateral branching outlet XI 2 whereby the expan- 
skxiforceof the packer is used to expand the pipes by 
plastic deformation. 

Various modificatkxra and alteratkxis in the de- 
scrt>ed methods and apparatus will be apparent to 
those skilled in the art of the foregoing description whk:h 
do not depart from the spirit of the Inventioo. For this 
reason, such changes are desired to be inctuded within 
the scope of the apperxied claims which indude the onty 
limitatkxM to the present inventkxi. The descriptive 
manner which is emptoyed (or setting forth the embod- 
iments shouki be interpreted as illustrative but not limi- 
tative. 



Claime 

1. A multiple branching sub designed and arranged for 
depioyrnent in a borehole comprising: 

a branching chamber having an open first end 
of cylindrical shape and a second end. sakJ 
branching chamber designed and arranged for 
sealed connectkm at saki first end to casing in 
a borehole: and 

multiple branching outlet members, each of 
which Is integialy oonneetad to saU second 
end of saU branchkig chaihber. each of sakI 
muWple branching outlet members being in flu- 
kS ccTTYnunlcatkxi with sakJ branching cham- 
ber. 9M sub characterized by: 
a retracted poettion for insertkxi into a borehole 
in which each of sakl multiple outlet members 
is substantially totally within an imaginary cyl- 
inder which is coaxial with and of substantiatly 
the same radius as sakl first end d sakI branch- 
ing chamber and 

an expanded positkxi in which at least one of 
saki multiple outlet members extends from sakI 
branching chamber in a path outwardly of said 
imaglnaiy cytinden and 
wherein saki branching outlet members, when 



in said retracted position, are characterized by 
an outer curved shape when a radial cross-eec- 
tton of sakI branching outl^ members Is viewed 
from outskto sakI Imaglnaiy cylinder. 

5 

2. The sub of daim 1 wherein sakI branching outlet 
members, when ki saM retracted position, are char* 
acterized by an outer convex or concave shape 
v^ten a radial cross-sectnn of sakI branching outlet 

f 0 members b viewed from outskle sakI imaginary cyl- 
inder. 

3. The sub of daim 1 wherein sakI outlel members are 
designed and arranged such that ki sakI expanded 

IS positton. each of saMnrHmiple outlet members ex- 
tends in an arcuate path from saxi branchng cham- 
ber outward^ of sakl hnagkiaiy cyinder 

4. The sub d claim 1 whereki sakI multiple outlet 
members kt saki expanded posftkxi are character- 
ized by a substantially drcular radial cross-eection- 

atsh^. 

5. The sub d claim 1 wherein said mdt|)le bneu^ching 
outlet memtMrs are formed da material which may 
be plastk^ly deformed by cokJ forming. 

6. The sub d ctakn 5 wherein saki material is an al- 
loyed sted with austedtlc stnjcture. 

30 

7. The sub d daim 6 whareki saki malarial is a nkskel 
alloy. 

a The sub d dakn 1 wherein each d saki muliple 
9S branchkig outlet members is d substantiaBy the 
sanw radal cross-sectional area 

9. The sub dclaknl wherein at least one dsakJ mul- 
tiple branching outlet members is characterized by 
40 a radial crose-eectional area which is greater than 
at least one other of saki mutiole branching outlet 
memt)ers. 

ia Thesubddalmlfurthercomprisjngalegmefhber 
45 carried substantially axially downwardly from saki 
second end d saki bianchktg Ghafrtber, and a foot 
disposed at a dstal end d sakJ leg. 

11. The subd dakn 1 wherein a central support re^on 
so is defined at saki seoorxi end d aaki branchkig 
chanAMT between kitegral oonneclions d saki mul- 
tiple branching outlet members to said second end, 
and further oompriskig: 

ss an extenskxi leg carried from saki central sup- 

port region which extends axially beyond saM 
multiple branchkig outlet members; and 
a fod disposed at a distal end d saki teg. 
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12. AbfaKhingsubdosignodandarranoedfofdeploy- 
menl in a borehole comprising: 

»i integral housing having a top end and a bot- 
tom end and which defines a branching cham- 5 
ber. a main pipe, and a branching outlet, with 
said main pipe and said branching outlet each 
being tongitudinall/ betow said branching 
chamber and each being In fluid oonnmunica- 
tion with said branching chamber, 
said top end of said housing being above said 
branching chamber and being adapted for con* 
naction to borehole casing, and wherein said 
top end is characterized by a oonnectian (fiam- 
elar. 

•aid branchingsubchaiacterized by a retracted 
Mte for Insertion into a borehole in which the 
Ingest diameter or said housing at any position 
^kmg ite longitudinal length is no greater than 
said connection diameter; and 
m expanded state in which eald branching out- 
let extends outwardly from said branching 
ctiamber with a diameter of said housing in said 
eocpanded state being greater than said con- 
nection diameter. 

13. The branching sub of claim 12 wherein said main 
3ipe has an end which defines said bottom end of 
said housing and which extends longitudinally be- 
ow an end of said branching outlet. 

14. The blanching sub of claim 12 wherein said main 
^pa has threads provided at said bottom end for 
connection to borehole casing below. 

15. The branching sub of cJaim 14 where in the retract- 
ed state said main pipe is characterized by a circular 
nside radial section shape at said bottom end and 
3y a non-circular inside radial section shape at a 
ongt udinat position below said branching chamber 
2n<3 above said bottom end. and said branching out- 
et is characterized by a non-circular inside radial 
section shape at a longitudinal position betow said 
sranching chamt>er. 

16w ThebianchingsubofclalmlSwhereintheexpand- 
ed state said branching chamber and said main 
pipe are characterized by a substantialty constant 
first dtameter of a circular ^side radial shape from 
said top end to said bottom end. and said branching 
outial is characterized by a substantialty constant 
second diameter of a circular Inside radial shape 
fiom said branching outlet and to said branching 
chamber. 

17. The branching sub of claim 1 3 further comprising a 
first longitudinal rib which is integral with said hous- 
ng »xl which extends from said bottom end to said 



top end in a path along the exterior of said housing. 

18. The branching sub of daim 17 further comprising a 
second tongitudinal rib. spaced parlpheraBy from 
said first longitudinal rib which extends from said 
bottom end to said top end in a path along the ex- 
terior of said housing. 

19. The branching sub of daim 18 further comprising a 
deflecting structure which separates said main pipe 
from said branching outlet from said branching 
charhber longltudinany downwanJ to said end of 
said branching outlet. 

20. The brmhing sub of daim 13 further comprising a 
driUable cap secured to said and of eaid branching 
outlet. 
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